Abstract: An adequate amount of bone all around the implant surface is essential in order to obtain long-term success of implant restoration. Several techniques have been described to augment alveolar bone volume in critical clinical situations, including guided bone regeneration, based on the use of barrier membranes to prevent ingrowth of the epithelial and gingival connective tissue cells. To achieve this goal, the use of barriers made of titanium micromesh has been advocated.
INTRODUCTION
The replacement of missing teeth with dental implants in the treatment of totally and partially edentulous jaws has become a reliable treatment. An adequate amount of bone for complete circumferential coverage of implant surfaces is essential to ensure the long-term success of implant restoration [1] , as well as an adequate aesthetic outcome and a proper biomechanical support of the prosthesis [2] . Indeed, the minimum amount of bone seems to be 4 mm horizontally and 7 mm vertically 1 . If implant stability or appropriate positioning cannot be achieved, ridge augmentation must be performed before or during implant placement to overcome anatomic limitations of the residual jaw bone crest.
Techniques to improve bone volume of segmental defects in the atrophic or dysmorphic (post-oncological)
One of the most important aspects in obtaining results with this technique for lateral and vertical ridge augmentation is the creation and maintenance of a secluded space under the membrane. The development of this space is the prime determinant of the amount of newly formed bone [14] . It is indeed known that without a containment system, a collapse of soft tissues toward the defect can occur, leading to compression or displacement of the graft and consequent inability to achieve the desired results [8, 15] . Several possibilities have been proposed in order to avoid membrane collapse and to increase regenerative capabilities of the bone in non space-making situations, such as reinforced e-PTFE membranes [1] , or self-reinforced polyglycolide membranes [16] , however even with miniscrews or pins to support them, lateral collapse [17] . Is possible. Furthermore other potential drawbacks include increased procedure time and cost, and above all, the risk of short-term membrane exposure [18] . As a possible alternative, the use of titanium micromesh barriers has been advocated to overcome these limitations.
Ti-meshes were first introduced for restoring large osseous maxillofacial defects [19] and were secondarily proposed for osseous restoration of deficient edentulous maxillary ridges [20] . The use of Ti-meshes was re-encouraged by von Arx et al. (1996) , who presented 'the TIME technique', characterized by the use of microtitanium augmentation mesh specifically designed for augmentation of ridge defects. Von Arx et al. presented positive results for localized alveolar ridge augmentation prior [21] and simultaneously to implant placement [22] .
Many bone substitutes, both synthetic (such as tricalcium phosphate, hydroxyapatite) and natural (such as coral, bovine or human bone) have been used as filling material. The results depend on the surgical technique and on the quality of the filling materials used, which give very variable results. Various authors consider the use of autogenous bone grafts for ridge augmentation to be the gold standard, due to the intrinsic osteogenic properties [18, 23] . Moreover, autogenous bone grafts are superior to other materials when primary osteogenesis and osteoinduction are considered [24, 25] . The surgical procedure involves autogenous bone harvested from chin, mandibular ramus and body or tuber maxillae. One of the major challenges however, is to minimize resorption of the grafted bone related to the fact that the sites for localized ridge augmentation are non-space-making defects, as they are not supported by bone walls [17] . When an extraoral site is involved, the large availability of bone makes overcontouring the most common way of dealing with the expected resorption of grafted bone [26, 27] . The situation is completely different in the case of intraoral harvesting , where the amount of bone available is limited. In order to overcome such limitations, the use of deproteinized anorganic bovine bone (DBBM) has been developed as a xenogeneic graft material that can be mixed with autogenous bone graft. The rationale of mixing autogenous bone with DBBM is to combine the scaffold properties of the xenograft with the osteogenic and osteoinductive properties of the autograft [28, 29] .
The purpose of this study was to present the surgical and clinical implications of this technique over 13 cases, in which a Ti-mesh in combination with particulate autogenous bone graft mixed with DBBM (Bio-Oss ® , Geistlich, Wolhusen, Switzerland) were used to correct alveolar bone defects in both maxillary and mandibular arches, prior to implant placement, within a two-stage technique. Furthermore the peri-implant bone resorption was retrospectively evaluated at a mean follow-up of 88 months concerning 20 dental implants.
The positive results of the technique presented might lead clinicians to choose this surgical procedure to manage severe atrophic ridges and to give patients long-term aesthetics and functions. Therefore, the application of titanium meshes instead of non-absorbable membranes seems to promote soft tissue healing and better preservation of the bone graft. Moreover, using a mixture of biomaterial and autogenous bone reduces patient morbidity in the post-operative phase.
MATERIALS AND METHODOLOGY
A total of 13 patients were selected for alveolar ridge reconstruction treatment for implant placement purposes. A total of 20 dental implants were included in the study. Patients were healthy, non-smoking, with no systemic or local contraindication to intraoral surgery and implant placement. Included were patients that had maxillary or mandibular atrophy secondary to tooth loss, periodontal disease or trauma. All the patients were treated with the same surgical and prosthetic protocol.
Initial Therapy
Before surgery, partially edentulous patients received proper oral hygiene instructions and oral hygiene treatment. At the end of the initial therapy, before starting the surgical procedures, the patients demonstrated proper plaque control. All patients underwent radiographic exams prior to surgery ( Figs. 1 and 2 ).
Surgical Procedure

∮ ∮Guided Bone Regeneration
The surgical procedures were performed under local anaesthesia, including a pre-operative rinsing of the oral cavity with a 0.2% Chlorhexidine (Dentosan ® ) antiseptic solution, and a perioral skin disinfection with benzalkonium chloride (Citrosil alcolico bruno, Esoform S.p.A., Rovigo, Italy). An antibiotic therapy begun 1 h before surgery was performed, with 2 g of amoxicillin clavulanate (Augmentin®, GlaxoSmithKline, S.p.A., Verona, Italy). Local infiltration anaesthesia was used with mepivacaine chlorhydrate (Carboplyina 1:100000, Dentsply, Italy). Then 4 mg of dexamethasone was injected into the muscles around the surgical site to reduce post-operative swelling.
A mid-crestal horizontal incision was made, with oblique releasing incisions where needed, in order to mobilize a full-thickness flap. The flap was carefully elevated from the palatal/lingual and buccal aspect of the alveolar ridge, isolating the neurovascular bundle in order to preserve these vessels. All the granulation tissue was removed from the cortical bone. In all cases, intra-surgical evaluation confirmed a narrow alveolar ridge with insufficient crest width and height for ideal dental implant placement (Fig. 3) . Perforations into the marrow space were performed using small round surgical burs to facilitate vascularization of the graft and cell colonization from the bone marrow. The autologous bone graft was harvested from intraoral regions, such as the tuber maxillae, the symphysis, the mandibular body and the retromolar pad region, using trephine burs and safe-scrapers.
A 0.2 mm-thick Ti-mesh (KLS Martin, Tuttlingen, Germany) was trimmed and adapted to the surgical defect to create a proper bone contour. The Ti-mesh was shaped avoiding sharp edges in order to prevent soft tissue dehiscence or exposure. The minimum distance from the periodontium of the neighbouring teeth was 1.5 mm in order to prevent possible infiltrations through the gingival sulcus. The defects were filled with autogenous bone-chips mixed with DBBM (BioOss ® , Geistlich, Wolhusen, Switzerland) in a 1:1 ratio, so as the deficiencies were completely filled, recreating the ideal amount of bone for subsequent implant placement. The Timesh was then placed over the graft and fixed to the palatal/lingual and buccal bony walls using cortical screws on each side to prevent any micro-movement (Fig. 4) . Periosteal horizontal releasing incisions followed by upper traction were performed if necessary, to mobilize the buccal flap and obtain the passive closure essential to prevent dehiscence and Ti-mesh exposure. A double layer suture was applied with horizontal mattress and single stitches using a 3-0 Vicryl suture and a 2-0 and 4-0 silk (Ethicon Inc.) suture, to seal the overlapping periosteal portion of the palatal/lingual and buccal flaps.
Medication prescribed for post-operative use by the patient included 1 g of Augmentin ® twice a day for 6 days and a 0.2% Chlorhexidine digluconate (Corsodyl ® , GlaxoSmithKline, Verona, Italy) mouthwash rinse solution 1min three times a day for the same period of time, starting the day after the surgery. An orthopantomograph was performed after the surgery (Fig. 5) . The sutures were removed after 12 days. Two weeks later, temporary prostheses were applied for the healing period.
∮ ∮Implant Placement and Prosthetic Procedure
After a 6-month healing period, each patient underwent the second surgical step to remove the Ti-mesh and place dental implants in a prosthetically guided position thanks to the newly formed bone. From a clinical and radiological point of view, no complications occurred during the 6-month healing period (Fig. 6) .
Under local anaesthesia obtained with mepivacaine chlorhydrate injections, a horizontal incision was performed and a full thickness flap was reflected to uncover and remove the Ti-mesh.
During surgery, no clinical signs of inflammation around the Ti-mesh were found, and the grid was firmly Fig. (4) . Titanium mesh in situ, filled with a mixture of particulated autogenous bone and DBBM in a 1:1 ratio. attached to the newly formed bone underneath. New bone formation was observed filling the entire space under the Timesh, as well as over the Ti-mesh in some areas.
The implant sites were prepared according to the manufacturer's instructions, and the fixtures were placed, achieving a proper primary stability. The flaps were then sutured ( Figs. 7 and 8) . Fig. (7) . Morphology of the newly formed bone in the right maxilla after a healing period of 6 months. After a healing period of 6 months, all implants achieved successful integration. Clinical evaluation showed no signs of complications and the panoramic radiographs showed no evidence of peri-implant radiolucency. A partial thickness flap was performed to uncover the implants and the healing abutments were placed (Fig. 9) . In partially edentulous patients, temporary crowns were placed after a 3-week healing period and were left in situ for 6 months in order to modify and condition soft tissue contour and shape. All cases were restored with a fixed restoration to replace the missing teeth (Figs. 10 and 11) . 
Follow-up
Clinical examination evaluated signs or symptoms of infection, loss of the grafted bone, dehiscence, and loss of dental implants. Radiological follow-up was performed by means of panoramic radiographs (Fig. 12) . The patients had pre-operative panoramic radiographs, and post-operative radiographs at immediate post-operative follow-up, and at 3-month, 5-month, 12-month and yearly follow-ups thereaf-ter. All radiographs were taken on the same machine and the radiographic exposure parameters remained unchanged for all the patients. The radiographic magnification factor was calculated based on the known length of the implant and the measurements obtained with the magnification scale were extrapolated to normal scale.
During the retrospective evaluation, a program (Image J, National Institute of Health, U.S.A.) was used to measure the mesial and the distal peri-implant bone loss around each implant. The values were obtained measuring the distance from the top of the implant head to the first visible boneimplant contact.
RESULTS
A total of 13 patients, 8 males and 5 females, underwent maxillary or mandibular alveolar ridge regeneration by means of Ti-mesh and particulate autogenous bone graft. Of these, 11 underwent maxillary reconstruction, and 2 underwent mandibular reconstruction. The source of bone grafts was the tuber maxillae in 8 cases, the symphysis in 2 cases, the mandibular ramus in 2 cases and the retromolar trigone region in 1 case. The length of the defects ranged from a minimum of one to a maximum of four teeth. The postoperative healing was uneventful in 12 patients (92.30%), with neither major complications nor dropouts. In one patient (7.69%), early Ti-mesh exposure after 4 months' healing was managed with chlorhexidine mouthwash rinse for 2 months. Closure of the soft tissue dehiscence occurred after the treatment.
At the re-entry procedure, the Ti-meshes appeared to be surrounded by a dense connective tissue without any clinical signs of inflammation. The devices appeared to adhere to the newly formed tissues, and, after their removal, a whitish soft tissue was present underneath; this tissue was carefully removed with a curette, and it was observed that the space under the grids was completely filled by a tissue with the macroscopic features of newly formed bone. The grafts appeared well maintained and incorporated into the native bone. From a clinical point of view, no residual bony defects were observed and a significant increase of the alveolar width and height was found in all patients, allowing the placement of submerged dental implants.
A total of 20 dental implants were placed in all patients, 16 in the maxilla and 4 in the mandible. The mean time between the reconstructive procedures and the re-entry surgery was 6 months. The success of the bone grafting procedure was 100% and, indeed, re-grafting was never required.
The number and positioning of the dental implants depended on the amount of regenerated bone and the next prosthetic restoration. In the mandibular bone, none of the areas with lower bone resistance were considered for implant placement in order to prevent possible fractures due to dental implant site preparation.
The retrospective evaluations ( Table 1) 
DISCUSSION
A sufficient volume and quality of alveolar bone must be present at potential implant recipient sites, so as to ensure a predictable long-term outcome in terms of aesthetics and function. During the past years, various techniques have been developed to restore an adequate bone volume when alveolar ridges are not suitable for the placement of dental implants. Several reconstructive procedures are available to increase both height and width. Grafting materials available include both particulate and block graft forms. In bone augmentation, it is ideal for bone-grafting materials to be resorbed at the same speed as bone formation, in order to be replaced by the bone. However, it is difficult to maintain an ideal bone shape when bone-grafting materials are resorbed faster than the rate of bone formation.
Autologous onlay bone grafts have been widely used and described; however when an external load is applied, these grafts have been shown to run into an extensive resorption Fig. (12) . Follow-up orthopantomograph. [30] . Better results are shown when autogenous bone graft is mixed with DBBM. Boyne et al., comparing autogenous iliac bone with a 1 : 1 autograft and DBBM mixture, found less bone height reduction in the mixed graft [31] . Simion et al. in a clinical and histological study, pointed out that DBBM undergoes very slow resorption and substitution with new bone, supporting the use of DBBM in a 1 : 1 combination with autogenous bone chips as a composite graft for vertical ridge augmentation of atrophic ridges using GBR techniques [32] .
Guided bone regeneration is currently used for the treatment of localized ridge augmentation, based on the concept of the membrane as a physical barrier designed to minimize resorption of the grafted bone. This is used to prevent the invasion of competing non-osteogenic soft tissue cells from the mucosa and to protect the autografts against resorption during healing.
There are two types of membrane: resorbable and nonresorbable. Resorbable membranes hold bone-grafting materials in position and prevent soft tissue invasion. Buser et al. combined the membrane technique and bone grafts and reported less bone resorption, probably due to its protective effect during healing [33] . Antoun et al. compared of two bone augmentation techniques envisaging an onlay graft either alone or associated with a membrane and concluded that the membrane group experienced significantly less resorption than the graft-alone group [18] . This conclusion has been preliminary confirmed in a recent study by Cordaro et al., which revealed an over 40% decrease in vertical augmentation between bone grafting and implant insertion, 5-6 months later, when grafted sites were not protected [23] . It seems reasonable to protect the graft from moving around and become encapsulated in fibrous tissue. Considering the low risk of post-operative mucosal dehiscence, resorbable membranes are superior in terms of handling, however some complications have been described in the clinical application of the guided bone regeneration technique [34] : 1) soft tissue dehiscence with subsequent membrane exposure; 2) membrane displacement during wound closure; 3) lack of stiffness causing membrane collapse during healing and therefore reducing the space needed for bone regeneration; 4) complete blockage of the periosteal blood supply by ingrowth of the angiogenic cells, resulting in slow healing. The risk of premature exposure of expanded membranes is a disadvantage and, in fact, early membrane removal is associated with a smaller gain in bone volume [35] . The predictability of guided bone regeneration is significantly compromised by infection of membrane sites, and the retention of the shape cannot be anticipated [36] . Dahlin et al. reported that a guided bone regeneration technique should preferably be used in situations in which the prognosis could be enhanced by, but would not be dependent on, the use of a membrane [37] .
The surgical technique of alveolar ridge augmentation for implant placement has been modified with the introduction of non-resorbable membrane, to avoid membrane collapse and increase regenerative capabilities of the bone in nonspace-making situations, thereby improving the treatment outcome and predictability of the procedure [1] .
Non-resorbable membrane are used to provide shape and to maintain space over the defect during the time required. It has been shown that bone gain is maximal when the membrane remains in place during the entire healing period [38] . Titanium-reinforced non-resorbable membranes retain their three-dimensional shape with a specific height and width but with this technique there is also a risk of post-operative mucosal dehiscence as they impede the establishment of a proper vascular supply. Simion et al. in a clinical and histological study in humans, demonstrated that the use of titanium-reinforced e-PTFE membranes for vertical ridge augmentation resulted in incomplete bone regeneration underneath the membrane [1] . This is probably due to: 1) shrinkage of the blood clot underneath the membrane during the initial stage of healing; 2) entrapment of air underneath the membrane; 3) membrane micro-movement; 4) insufficient healing period.
In contrast non-resorbable titanium mesh is a metal laminate that can adopt a three-dimensional shape without blocking the blood supply from the bone and the mucosal sides thanks to the presence of pores in the mesh. In an experimental study in dogs using titanium membranes, Celletti et al. found that, at three weeks, all these membranes were slightly exposed [39] , probably due to the fact that they used a membrane without pores. The presence of pores may facilitate nutrition and metabolic exchange. Confirming the fact, a recent study by Gutta et al. demonstrated that porous membranes facilitate greater bone regeneration compared with resorbable membranes. Therefore, the risk of complications such as mucosal dehiscence is lower compared with titanium-reinforced non-resorbable membranes, thanks to the high biocompatibility of the titanium mesh [40] . This statement finds validation in a study by Her et al., wherein they found a lower rate of exposure when titanium grids were adopted in comparison with e-PTFE membranes [41] . Another very important advantage is that this material tolerates exposure very well. Louis et al. demonstrated that, in spite of exposure of the membrane in 23 (52%) of their patients treated with titanium mesh, only one patient had failure of the graft [42] . This result is confirmed by a study developed by Buser et al. in which they demonstrate that non-resorbable e-PTFE membrane barriers, when exposed, result in infection that can compromise the regenerative outcome of the treatment, as exposure will not heal spontaneously [33] . In contrast, exposure of the titanium mesh did not appear to affect the final outcome as the ridge was augmented to receive the implants needed in the desired position [43] . This finding agrees with the study by Maiorana et al., in which exposure of titanium mesh led to early graft resorption in the exposed area of about 15% to 25%, but did not cause any significant complications or interfere with implant placement [44] . Regarding the thickness, it seems that 0.2 mm represents the right balance between the necessary stiffness for flap support and graft protection and the essential flexibility to reduce the risk of mucosa perforation and soft-tissue dehiscence, in accordance with Roccuzzo et al. [45] .
A two-stage approach was used in our cases, with dental implants placed after bone augmentation and mesh removal. Bone chip grafts and cells in bone tissue were harvested from the tuber maxillae, the mandibular ramus, the symphysis and the retromolar trigone. After 6 months' healing, bone grafting had been replaced by new bone, suggesting the presence of abundant osteoblasts, growth factors, and cytokines in the blood at the site. DBBM chip grafts served as an osteoconductive scaffold for the deposition of bone matrix during healing and autogenous grafts proved to have osteoinductive properties with regard to osteogenic transfer, providing a lattice network for the osteoinduction or osteoconduction of new bone [46, 47] . With bone-chip graft application, osteoblasts and osteoblast precursor cells, as well as growth factors and bone inducing factors entrapped in the grafted bone matrix, may be transferred to the augmentation site, resulting in the activation of new bone formation. The newly formed bone obtained with a two-stage approach, responds to implant placement in a similar way to nonregenerated bone, i.e. it is capable of bearing and sustaining the functional load. However, these results cannot be compared with other studies in which a simultaneous approach was used as: 1) bone volumes to be regenerated are usually smaller in the simultaneous than in the staged procedure; 2) in the simultaneous approach, bone regeneration and implant osseointegration take place during the same period, whereas in the staged approach osseointegration takes place after osseointegration has occurred; 3) in the staged approach the impact of implant insertion into not yet fully matured bone might stimulate further new bone formation [22] . No inconveniences were observed during the healing of the soft tissues. As the space for the bone regeneration is one of the most critical factors in the success of the regenerative techniques, the primary closure of the mucoperiosteal flap had a relevant role in the protection of the blood clot and in the prevention of infection. With this surgical technique, a sufficient bone mass was achieved to facilitate implant placement in the desired corono-apical position and angulation. The overall clinical and radiographic results of the present study show a survival and success rate of 100% according to Albrektsson et al.'s proposed criteria [48] , confirming the favourable results of previous clinical studies [22, [49] [50] [51] [52] on implants placed in regenerated bone using titanium grids. Though these studies cannot be easily compared due to the different sizes of the alveolar defects augmented, the implant placement procedure (one-versus two-stage), the use of autogenous bone or bone substitutes, the types of membrane, and the implant system [53] . The positive results of the present study have confirmed that implants placed in bone regenerated by this augmentative technique can successfully withstand the functional demands of implant loading, comparable to the results obtained in cases of implant placement in native alveolar bone [53] .
CONCLUSION
The clinical cases evaluated demonstrated a surgical technique which does not show resorption for a long period of time. The higher the stiffness of a material, the lesser the tendency to collapse, and titanium mesh has been shown to be rigid enough to prevent soft tissue collapse, thus maintaining a space for grafted bone. Furthermore in our cases, the need to adapt the barrier to the bone contours was not a problem. The titanium grids were ductile and easy to handle, and appeared to have excellent space-making capabilities, allowing the mesh to be bent, contoured, and adapted to any single bony defect. Moreover, the ridge could be augmented both vertically and horizontally. This technique may offer a predictable alternative and excellent results for the reconstruction of ridge deficiencies for implant placement without undergoing major resorption. In accordance with many authors [23, 27, 33] , this clinical investigation suggests a delayed approach when using autogenous bone grafts, DBBM grafts and titanium implants for the reconstruction of an atrophic maxilla, in terms of the vascularization of the bone transplants, the quality of the bone grafts and the blood supply to soft tissue. The possible clinical advantages of this technique include: 1) applicability to severe vertical deficit associated with considerable reduction in width; 2) reduced total rehabilitation time; 3) no major complications if soft-tissue dehiscence and mesh exposures do occur, and 4) decreased risk of injuries to neurovascular bundle or sinus and/or fractures [45] .
The results of this study concur with other previous reports of the success of this material. In addition, our evaluation shows that this material is also appropriate as a containment system in augmentation in partially dentate patients prior to dental implant placement.
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